f Molecular types of the Cryptococcus neoformans/Cryptococcus gattii species complex that infect dogs and cats differ regionally and with host species. Antifungal drug susceptibility can vary with molecular type, but the susceptibility of Cryptococcus isolates from dogs and cats is largely unknown. Cryptococcus isolates from 15 dogs and 27 cats were typed using URA5 restriction fragment length polymorphism analysis (RFLP), PCR fingerprinting, and multilocus sequence typing (MLST). Susceptibility was determined using a microdilution assay (Sensititre YeastOne; Trek Diagnostic Systems). MICs were compared among groups. The 42 isolates studied comprised molecular types VGI (7%), VGIIa (7%), VGIIb (5%), VGIIc (5%), VGIII (38%), VGIV (2%), VNI (33%), and VNII (2%), as determined by URA5 RFLP. The VGIV isolate was more closely related to VGIII according to MLST. All VGIII isolates were from cats. All sequence types identified from veterinary isolates clustered with isolates from humans. VGIII isolates showed considerable genetic diversity compared with other Cryptococcus molecular types and could be divided into two major subgroups. Compared with C. neoformans MICs, C. gattii MICs were lower for flucytosine, and VGIII MICs were lower for flucytosine and itraconazole. For all drugs except itraconazole, C. gattii isolates exhibited a wider range of MICs than C. neoformans. MICs varied with Cryptococcus species and molecular type in dogs and cats, and MICs of VGIII isolates were most variable and may reflect phylogenetic diversity in this group. Because sequence types of dogs and cats reflect those infecting humans, these observations may also have implications for treatment of human cryptococcosis.
C
ryptococcosis, caused by the yeasts Cryptococcus neoformans and Cryptococcus gattii, is a worldwide invasive mycosis causing severe disease in humans and animals. Cryptococcus is the most common systemic fungal pathogen of cats and can also cause severe disseminated disease in dogs (1) . In humans, C. neoformans is opportunistic, usually infecting HIV/AIDS patients and other immunosuppressed individuals (2), whereas C. gattii is more likely to infect immunocompetent hosts (3) . Cryptococcosis typically occurs in cats with no obvious underlying immunodeficiency, and infections are not associated with concurrent retroviral infection or other immunocompromised states (4, 5) . Among dogs, purebred animals are most commonly affected, and an increased risk for breeds such as American cocker spaniels suggests an underlying genetic immunodeficiency (6) . In general, cryptococcosis in humans is treated with a combination of amphotericin B and flucytosine (5FC), but high-dose (1,200 mg/day) fluconazole monotherapy is often used in resource-poor health care settings, such as among humans with HIV in sub-Saharan Africa (7) . Similarly, cats and dogs with cryptococcosis are often treated with fluconazole monotherapy because of its relatively low cost, ease of administration, and favorable pharmacokinetic properties. Response to treatment can be slow or inadequate, and reported rates of successful disease control or cure range from 7 to 100% in cats and 27% in dogs (8) (9) (10) (11) .
Among C. gattii and C. neoformans strains, 8 molecular types have been identified by PCR fingerprinting and amplified fragment length polymorphism analysis (AFLP): VNI, VNII, VNIII, and VNIV for C. neoformans and VGI, VGII, VGIII, and VGIV for C. gattii (12) . C. gattii strains that belong to molecular type VGII can be further categorized into a large number of subtypes. Of those VGIIa, VGIIb, and VGIIc have been implicated in disease in immunocompetent humans, cats, dogs, and other animal species in British Columbia and the Pacific Northwest of the United States (3, (13) (14) (15) ). An epidemiological study of dogs and cats with cryptococcosis in California showed that cats were most often infected with C. gattii molecular type VGIII, whereas dogs were more likely to be infected with C. neoformans, possibly reflecting host differences in susceptibility (6) . Infections with strains of molecular type VGIII in dogs have not yet been described, but C. gattii molecular type VGIII has emerged as a cause of disease in immunocompromised humans in southern California (16) , and molecular type VGIII was the predominant C. gattii molecular type identified in humans from California in another recent report. Two VGIII subclusters have been identified in these individuals based on the results of multilocus sequence typing, VGIIIa and VGIIIb (15, 16) . In eastern Australia, molecular type VGI predominates among C. gattii isolates as a cause of disease in cats (17) . VGIV is considered to be a rare molecular type but has been detected in humans and animals in sub-Saharan Africa (18) .
The results of a number of studies have suggested that differences in in vitro drug susceptibility are correlated with different Cryptococcus species and molecular types (19) (20) (21) (22) (23) . MICs of all azoles, particularly fluconazole, appear to be higher for molecular type VGII isolates than for other C. gattii molecular types, primarily VGI, and C. neoformans (19, 21, 23) . There is also growing evidence that antifungal drug susceptibility may vary between geographical locations for the same molecular type (19, 21, 24) .
To date, no studies have compared antifungal drug susceptibility among molecular types isolated solely from dogs or cats in North America, with a focus on isolates from California. If infecting species or molecular type correlates with resistance to certain antifungal drugs, the initial drug of choice may differ regionally and differ between cats and dogs. Identification of drug susceptibility patterns in isolates of Cryptococcus from dogs and cats may also have relevance to the human population, because molecular types of Cryptococcus that infect animals can reflect those infecting people that reside in the same geographic location (25) . The objectives of this study were therefore to genetically characterize a group of Cryptococcus isolates from dogs and cats from North America using molecular methods and to determine the existence and strength of associations between antifungal drug MICs and Cryptococcus species and Cryptococcus molecular types. Susceptibilities were determined using the Sensititre YeastOne (SYO) method (YO-9; Trek Diagnostic Systems, Inc., Cleveland, OH), because it is widely used for yeast susceptibility testing in commercial diagnostic laboratories (26) . We also sought to determine whether fluconazole area-under-the-curve (AUC)/MIC ratios for the isolates in this study would be likely to achieve or exceed the target ratio (Ն389.3) to prevent progressive fungal growth in the central nervous system (CNS), which was previously determined using a mouse meningoencephalitis model (7) .
MATERIALS AND METHODS
Fungal isolation. Cryptococcal strains were isolated from swab specimens, biopsies, aspirates, or body fluids from dogs and cats with cryptococcosis. Isolates were obtained from animals with cryptococcosis that were evaluated by veterinarians at the University of California, Davis, veterinary medical teaching hospital (VMTH) or from specimens submitted to the investigators' laboratory by veterinarians or veterinary diagnostic laboratories between 2004 and 2011. Isolates not processed immediately were retrieved from storage at Ϫ80°C and grown for a minimum of 3 days on inhibitory mold agar (Hardy Diagnostics, Santa Maria, CA) and potato flake agar at 30°C until individual colonies were isolated. Yeast colonies were subcultured to Sabouraud dextrose agar. Identification of Cryptococcus spp. was based on morphology observed under light microscopy after Gram staining and use of a commercial yeast identification kit according to the manufacturer's instructions (API 20C AUX yeast identification kit; bioMérieux, Durham, NC). C. neoformans was differentiated from C. gattii with L-canavanine-glycine-bromthymol blue agar (27) .
Medical record review. Information obtained from medical records included each patient's geographic location, species, breed, sex, age at time of diagnosis, history of antifungal drug therapy, site of specimen collection, method of specimen collection, and the date that Cryptococcus spp. were isolated in culture. Geographic locations within California were divided into north coastal (cities west of Fairfield and north of Big Sur; climate zones 1, 2, 3, and 4), north central (cities east of Fairfield and north of Merced; climate zones 11 and 12), central (cities in the central valley that are south of Merced and north of Cahente; climate zone 13), and south coastal (cities west of Palm Springs and south of Big Sur; climate zones 8 to 10). Sites of organ or tissue involvement were categorized as nasal (within the nasal cavity or a mass protruding from the nasal cavity), cutaneous (dermal nodules, including those originating on the bridge of the nose or eyelid; other superficial dermal masses; and draining wounds of the lips), CNS (central nervous system) (involving brain, spinal cord, or meninges), eyes (including conjunctiva), lungs (including pleura or parenchyma), lymph nodes, urinary tract (kidneys and urine), or other tissues, as described previously (6) . Disease was described as local or disseminated (Ͼ1 organ system involved), although the possibility of disseminated disease could not be ruled out in animals with local lesions that did not subsequently have a full necropsy performed.
Molecular genotyping. High-molecular-weight genomic DNA was extracted and purified as previously described (28) . Mating types were determined by PCR using the primers Mf␣U and Mf␣L (mating type ␣) and MFa2U and MFa2L (mating type a), as previously reported (29) . The major molecular types of the C. neoformans/C. gattii species complex were initially identified by URA5 restriction fragment length polymorphism analysis (RFLP). The URA5 gene was first amplified via PCR with the primers URA5 (5=-ATGTCCTCCCAAGCCCTCGACTCCG-3=) and SJO1 (5=-TTAAGACCTCTGAACACCGTACTC-3=), as described previously, followed by a double digestion with the restriction enzymes Sau96I and HhaI (28) . The molecular subtypes VGIIa and VGIIb were identified via triple digestion of the URA5 gene with the restriction enzymes HhaI, DdeI, and BsrGI, as described previously (30) . Molecular subtypes VGIIa and VGIIb were also differentiated by means of PCR fingerprinting with the primer M13, as described previously (31) . The patterns were assigned via visual comparison with patterns obtained for standard strains of the major molecular types of the C. neoformans/C. gattii species complex, including VNI (WM 148), VNII (WM626), VNIII (WM628), VNIV (WM629), VGI (WM179), VGII (WM178), VGIII (175), and VGIV (WM779), or for representative strains of the VGIIa (CDCR265) and VGIIb (CDCR272) molecular subtypes. MLST was performed on isolates using the ISHAM (International Society of Human and Animal Mycology) MLST consensus scheme for the C. neoformans/C. gattii species complex (12) . Dendrograms showing the genetic relationships among C. gattii isolates and among C. neoformans isolates were constructed using a software package (MEGA 5.05; Center for Evolutionary Medicine and Informatics, Tempe, AZ) based on maximum likelihood analysis of the concatenated seven ISHAM consensus MLST loci. Additional C. gattii strains included in the MLST analysis are listed in Table S1 in the supplemental material (15, 28, (32) (33) (34) (35) (36) (37) .
Antifungal drug susceptibility testing. The susceptibilities of the isolates in this study were determined by a commercially available colorimetric microdilution susceptibility test (Sensititre YeastOne YO-9; Trek Diagnostic Systems, Inc., Cleveland, OH) performed according to the manufacturer's instructions. Briefly, yeasts were subcultured on potato flake agar and incubated at 30°C for 24 h. Fungal colonies larger than 1 mm in diameter were collected using a sterile loop and added to 5 ml of sterile demineralized water and adjusted to a cell density of 0.5 McFarland standard (1 ϫ 10 6 to 5 ϫ 10 6 cells/ml). A total of 20 l of yeast suspension was transferred into 11 ml of inoculum broth for a 1.5 ϫ 10 3 to 8 ϫ 10 3 viable CFU/ml. The purity of the diluted cell suspension was determined by plating the McFarland standard and the inoculum broth on defibrinated sheep blood agar. Colony counts were performed after 48 to 72 h of incubation to confirm purity and inoculum strength. The ranges of drug concentrations tested in 2-fold dilutions were as follows: amphotericin B (AMB), 0.008 to 16 g/ml; fluconazole (FLC), 0.125 to 256 g/ml; itraconazole (ITC), 0.008 to 16 g/ml; flucytosine (5FC), 0.03 to 64 g/ ml; voriconazole (VRC), 0.008 to 16 g/ml; posaconazole (POS), 0.008 to 8 g/ml; and caspofungin, anidulafungin, and micafungin, 0.008 to 16 g/ml.
A total of 100 l of inoculum broth was placed in each well of the manufacturer's plate using an autoinoculator (Trek/Sensititre autoinoculator with nephelometer; Trek Diagnostic Systems, Inc., Cleveland, OH). Reference strains (Candida parapsilosis ATCC 22019 and Candida krusei ATCC 6258) were used for quality control purposes. Plates were incubated at 35°C in ambient air. Controls were read at 24 h, and Cryptococcus species MIC endpoints were read after 72 h of incubation or until the colonies grew to the 1 mm in diameter required to interpret the assay (up to 108 h of incubation) using a software program (Sensititre Trek/SWIN system with Sensitouch; Trek Diagnostic Systems, Inc., Cleveland, OH). Duplicate susceptibility tests were performed for isolates that required incubation times that exceeded 72 h in order to confirm assay results. Fluconazole AUC/MIC ratios were calculated for each isolate using previously reported pharmacokinetic data available for dogs and cats, which estimate a mean AUC of 375 mg/h/liter after an oral dose of 50 mg in cats (38) and 268 mg/h/liter after an oral dose of 10 mg/kg in dogs (39) . The AUC/MIC ratios were compared with the target ratio to inhibit fungal growth that was identified in a mouse meningoencephalitis model (7).
Statistical methods. The differences in MICs for each antifungal drug tested between two groups were compared using a Mann-Whitney test, with a null hypothesis that there were no differences between the groups. Group comparisons for MIC data included C. gattii versus C. neoformans, molecular type VGIII versus all C. gattii isolates that did not belong to the molecular type VGIII, molecular type VGIII versus VGII isolates, molecular type VGIII versus C. neoformans isolates, and isolates from animals with a history of antifungal drug therapy versus those that had not yet been treated with antifungal drugs. The F test was used to compare the distribution of MICs between each pair of groups. A chisquare analysis was used to compare the geographic distribution of isolates from cats to that of isolates from dogs. All analyses were performed with a statistical software package (MEGA 5.05; Center for Evolutionary Medicine and Informatics, Tempe, AZ) (GraphPad Prism, ver- Tables S4 and S5 in the supplemental material).
RESULTS

Animals.
A total of 42 Cryptococcus isolates were obtained from 27 cats and 15 dogs. Twenty-two isolates were obtained from animals evaluated at the VMTH, and 20 isolates were obtained from dogs or cats evaluated by veterinarians outside the VMTH. Whether antifungal drug therapy had been administered before the isolate was obtained was known for 30 animals. Nine of the 30 animals had received antifungal drug therapy, and all had been treated for a week or longer without apparent response to treatment. Five animals had been treated with fluconazole, and 5 had been treated with itraconazole. Fourteen (52%) of the 27 cats were male, 12 (44%) were female, and all were neutered. Sex, age, and breed information was not available for one cat. The cats ranged in age from 1 to 12 years (median, 6 years). Twenty-two were of mixed breed, two were Siamese, one was a Maine coon, and one was a Persian. Disease sites identified included the nasal cavity, skin, CNS, lungs, myocardium, and mediastinum. The most common site of infection was the nasal cavity, in 11/27 (40%) of the cats. At least 8 of the 27 cats had disseminated disease.
Of the 15 dogs, 7 (47%) were male and 8 (53%) were female. One male and one female dog were intact, and the remaining dogs were neutered. The dogs ranged in age from 1.5 to 8 years (median, 3 years). Breeds represented were recorded for all but one dog, and included Labrador retrievers or their crosses (6), and one each of Shar-Pei, Shetland sheepdog, Rhodesian ridgeback, Doberman, basset hound, vizsla, German shepherd, and Yorkshire terrier. Sites of infection in the dogs included the nasal cavity, eye, CNS, kidneys, liver, lungs, gastrointestinal tract, and thyroid gland. The most common site of infection in dogs was the CNS, in 6/15 (40%) cases. At least 9 of the 15 dogs had disseminated disease.
Isolate epidemiology. Twenty-seven isolates were identified as C. gattii, and 15 were C. neoformans. The molecular types isolated and their geographic origins are shown in Table 1, and the MLST  results are shown in Tables S2 and S3 in the supplemental material. The most prevalent molecular types were VGIII (16/42 [38%]) and VNI (14/42 [33%]). All of the VGIII isolates originated from cats and were distributed throughout northern, central, and southern California (Fig. 1) . The most common molecular type identified in dogs was VNI. There was no significant difference in the geographic location (by climate zone) for isolates obtained from dogs and those obtained from cats. All of the molecular types identified were found in California except VGIIc and VNII. With the exception of a VGII isolate from a dog that had recently traveled to southern California from Vancouver in British Columbia, Canada, VGII isolates were not identified south of Fresno (Fig. 1) . Analysis of MLST results revealed that the C. gattii and C. neoformans isolates from dogs and cats clustered with isolates from human patients ( Fig. 2 and 3) . The most prevalent C. neoformans sequence type was ST23. VGIII isolates were genetically heterogeneous ( Fig. 3 ; also, see Table S3 in the supplemental material), and both mating types ␣ and a were identified. One of the canine isolates identified as VGIV by URA5 RFLP, strain JS81, was more closely related to VGIII according to MLST. Comparison of the URA5 gene sequence of this strain with that of the reference VGIII and VGIV strains revealed 3 SNPs (single-nucleotide polymorphisms) between strain JS81 and the reference VGIII strain and 30 SNPs between strain JS81 and the reference VGIV strain. The misclassification of this strain as a VGIV strain resulted from the existence of a SNP at the location of the Sau96I restriction site, generating an additional fragment, which made it identical to the VGIV restriction pattern.
Antifungal susceptibility testing. For 37 isolates, MICs could be determined at 72 h. Susceptibilities for four isolates (two VGIIa, one VGIIb, and one VGIII isolate) could not be clearly determined until 84 h of incubation, and susceptibilities for one VGIII isolate could not be clearly determined until 108 h of incubation.
The MIC ranges, MIC 50 , MIC 90 , and geometric mean and median MICs for C. gattii and C. neoformans of AMB, FLC, ITC, 5FC, VRC, and POS are shown in Table 2 . Six isolates had FLC MICs of Ն16 g/ml; three of these were VGIII isolates, and there was one isolate each of VGI, VGIIc, and VNI. Only two isolates had FLC MICs of 32 g/ml, and both were VGIII isolates. Flucytosine MICs were lower among C. gattii than C. neoformans isolates (P Ͻ 0.001). The MICs of 5FC and ITC were lower among VGIII isolates than they were among C. neoformans isolates (P ϭ 0.02 for both comparisons). Itraconazole MICs for molecular type VGIII isolates were lower than those for isolates of all other C. gattii molecular types (P ϭ 0.01). Posaconazole MICs for molecular type VGIII isolates appeared to be lower than those for isolates of all other C. gattii molecular types and lower for VGIII isolates than for VGII isolates, but P values only approached the cutoff for significance for these observations (P ϭ 0.052 and 0.056, respectively). There were no difference in MICs among isolates from dogs and cats and no difference in MICs of FLC or ITC between isolates from animals that had been treated with FLC or ITC and those that had not.
For all drugs except ITC, C. gattii exhibited a wider variation in MICs than C. neoformans isolates (P ϭ 0.01, 0.04, 0.003, and 0.001 for AMB, 5FC, FLC, and POS, respectively, and P Ͻ 0.001 for VRC), which was also true for C. gattii molecular type VGIII compared with C. neoformans isolates (P ϭ 0.02, 0.007, and 0.004 for AMB, 5FC, and POS, respectively, and P Ͻ 0.001 for both FLC and VRC). VGIII isolates exhibited a wider variation in MICs for FLC and 5FC than isolates of all other C. gattii molecular types (P Ͻ 0.001 and P ϭ 0.01, respectively) and a wider variation in MICs for FLC, 5FC, and VRC than VGII isolates (P ϭ 0.02, 0.02, and 0.01, respectively) ( Table 2) .
For cats, the median FLC AUC/MIC ratio for all C. neoformans isolates in this study was 70.3 (range, 23.4 to 187.5), and for dogs, it was 50.3 (range, 16.8 to 134). For cats, the median FLC AUC/ MIC ratio for all C. gattii isolates in this study was 93.8 (range, 11.7 to 750), and for dogs, it was 50.3 (range, 8.4 to 536). A ratio that exceeded 389.3 was identified for only one isolate, which was from a cat.
DISCUSSION
In this study, we showed clearly that in California, the spectrum of major molecular types of the Cryptococcus neoformans/C. gattii species complex infecting cats differs from that infecting dogs. The most common molecular type to infect cats was C. gattii molecular type VGIII, whereas dogs were more commonly infected by molecular type VNI (C. neoformans var. grubii); no dogs were infected by molecular type VGIII. This is in sharp contrast with the Pacific Northwest region of the United States and British Columbia, where infection by C. gattii molecular type VGII has predominated regardless of host species (14, 34) . Our study also confirmed the widespread distribution of C. gattii molecular type VGIII in cats from California. The reason for the predilection of this molecular type for cats and not dogs is unclear, but it may relate to differences in host immunity, virulence properties of this organism, and/or factors that put cats at increased risk of exposure to VGIII strains. Regional differences did not seem to be an explanation given that there was no difference in the geographic distribution of isolates from dogs and cats, although analysis of a larger number of isolates would be required to confirm this observation.
Based on our phylogenetic analysis, both C. neoformans and C. gattii strains isolated from dogs and cats in this study were closely related to those isolated from humans. The most prevalent C. neoformans sequence type, ST23, is a prevalent type found previously in the United States, Asia, Africa, and Europe in both environmental and clinical specimens (40) (41) (42) (43) . Other sequence types identified in our study have been also reported before from Asia (ST5 and ST32), Africa (ST5, ST23, ST39, and ST43), and the United States (ST32) (40) (41) (42) (43) (44) (45) . Molecular type VNI, VNII, VGI, and VGII isolates from dogs and cats in this study had sequence types that were identical or closely related to those of the reference VGI and VGII strains, respectively, supporting the more clonal relationship of these populations as described previously (15, 16) .
Historically, VGIII has been one of the least prevalent molecular types found in humans and animals. In southeastern Australia, C. gattii isolates from dogs and cats are predominantly molecular type VGI, whereas molecular type VGII has been identified in dogs and cats from Western Australia (4, 10). The most prevalent molecular type found in human patients with HIV/AIDS is C. neoformans molecular type VNI (2) . However, infections with C. gattii molecular type VGIII were recently identified in human patients with HIV/AIDS from southern California (16) . A lower number of molecular type VGIII isolates have been isolated from humans in other states, including those in the Pacific Northwest, the south, Michigan, and Alaska (15) , although the travel history of many of the infected individuals in these states was unknown. Analysis of VGIII isolates infecting humans in the United States has shown a genetically diverse population of isolates that includes both mating types ␣ and a and that can be separated into VGIIIa and VGIIIb subclusters (15, 16) . The strains infecting cats in this study also appeared to fall into two major subclusters, with both mating types ␣ and a being represented. A small number of feline molecular type VGIII isolates in our study had matching sequence types (ST); these included 3 isolates from distant locations with ST74 (Arizona, coastal northern California, and central California) and 2 isolates with ST145 from southern California. One isolate from southern California that was identified as VGIV by URA5 RFLP (JS81) appeared to be more closely related to VGIII.
We chose to use the colorimetric SYO method as opposed to standard broth microdilution susceptibility testing using methods defined by the Clinical Laboratories Standards Institute (CLSI), because the SYO method is widely used by clinical laboratories for yeast susceptibility testing (26) and can be implemented in a commercial veterinary diagnostic laboratory setting because it has a convenient format and is affordable for pet owners. A comparison of the SYO method to the CLSI method for Cryptococcus found that essential agreements were 63.6% (FLC), 75% (ITC), 86.4% (VRC), 77.3% (POS), 88.6% (5FC), and 86.4% (AMB) (46) . Given the relatively low number of isolates in this study, it was not possible to accurately determine epidemiological cutoff values (ECVs), but 95% of VNI isolates in our study had MICs of Յ0.12 g/ml for POS and ITC, Յ0.06 g/ml for VOR, and Յ8 g/ml for FLC; this compared with statistical ECVs that included 95% of the wild-type isolates of 0.25 g/ml for POS, ITC, and VOR and 8 g/ml for FLC using broth microdilution (47) . In our study, 95% of VGIII isolates had MICs of Յ0.12 g/ml for ITC and 32 g/ml for FLC; this compared with statistical ECVs of 0.5 g/ml for ITC and 8 g/ml for FLC (47) . The 1-to 2-fold-dilution discrepancies in these numbers could reflect variations in methods used or true differences in susceptibility in the collection of isolates studied and/or reflect the relatively low numbers of isolates in our study. In the future, larger numbers of isolates should be used to determine ECVs using the SYO method, as has been done for Candida (26) .
In general, for any of the tested antifungal drugs, C. gattii VGIII (48), and VGII isolates had higher MICs than the isolates of all other C. gattii molecular types (19) . VGII isolates in this study appeared to have higher MICs for most antifungal drugs than the isolates of all other C. gattii molecular types, although the relatively low number of VGII isolates in this study limited our ability to document significance and to compare our results with those of other investigators. Although combination therapy with AMB and FLC or 5FC has been recommended for animals with disseminated disease (1, 8) , the use of AMB and 5FC has been limited by expense, and there is a high incidence of cutaneous adverse effects in dogs treated with 5FC (49) . High FLC MICs identified in some strains of C. gattii might not correlate with treatment failure in vivo, and clinical breakpoints that define susceptibility versus resistance have not been clearly defined for Cryptococcus spp. in humans or animals. A history of FLC or ITC therapy (without clinical response) was not associated with higher MICs of these drugs in this study. Extrapolation of data from a mouse model of cryptococcal meningoencephalitis to HIV-infected humans suggested that high-dose FLC monotherapy might achieve or exceed the target AUC/MIC ratio (Ն389.3) required to inhibit fungal growth across the expected distribution of MICs for C. neoformans in only two-thirds of treated patients (37) . With the assumption that results obtained with the SYO method correlate with those using CLSI methods, we estimated that the FLC AUC/MIC ratio for cats and dogs with meningoencephalitis caused by the C. neoformans isolates in this study would also not be predicted to approach this target. If the same target is applied for C. gattii meningoencephalitis, progressive cryptococcal growth would be expected in all of the dogs and Ͼ90% of the cats in this study had they been treated with 10 mg/kg FLC daily. This target would also not have been attainable for 12 C. gattii isolates from dogs and cats for which susceptibilities were reported using CLSI methods (20) . Thus, as suggested for humans, FLC monotherapy may not be an appropriate treatment, at least for animals with meningoencephalitis, and this might explain the poor responses to treatment in some patients in the face of relatively low MICs.
In summary, this study shows that (i) the molecular types that infect dogs and cats in California differ, but isolates from both dogs and cats genetically resemble those infecting humans; (ii) VGIII isolates that infect cats from California show a high genetic diversity and can be separated into two major subclusters (as documented in humans); (iii) significant differences in the distribution of MICs exist among cryptococcal molecular types that infect dogs and cats, with molecular type VGIII isolates exhibiting a wider range of MICs than other molecular types; and (iv) the use of fluconazole at currently employed dosing regimens may not be adequate to effectively inhibit growth of Cryptococcus in dogs and cats with meningoencephalitis. The variability in antifungal drug susceptibility identified among VGIII isolates may relate to the high level of genetic diversity that existed in this group. This is the first time that a possible correlation between genetic diversity and variable antifungal drug susceptibility within a Cryptococcus molecular type has been identified. The data reported in this study should also be useful for monitoring for the appearance of more resistant strains using the SYO method.
